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PAPERS 


DESIGN CURVES FOR ANCHORED STEEL 
SHEET 


SYNOPSIS 
The design anchored steel sheet piling bulkheads procedure normally 
encountered many pier development projects. Although design method 
has met with universal acceptance, felt that the “free support 
will yield sufficiently rational approach for preliminary design considerations. 
set curves introduced with this paper will simplify preliminary design 


INTRODUCTION 


Anchored sheet piling depends for its stability the embedment the 
lower part the sheeting assisted anchorage system near the top 
consistent with the durability the anchor rods. Such reactions, there- 
fore, are yielding supports under the effects the backfill and surcharge forces. 
The sheeting must sufficient strength sustain the lateral pressures 
involved. Since walls this type experience considerable yield, rational 
assume that the soil attains Rankine’s active This assumption 
forms the basis for the normal methods design demonstrated Raymond 

set curves proyides excellent basis for the preliminary design 
sheet pile bulkheads. Consistent with certain assumptions, possible 
develop such curves quite readily for the major factors involved sheet pile 
design, provided the relationships involved are developed efficient form for 
calculation. 


comments are invited for publication; the last discussion should submitted 
July 1953. 


Asst. Prof. Civ. Eng., The Johns Hopkins University, Baltimore, Md. 

2? Engr., Sverdrup & Parcel, Cons. Engrs., St. Louis, Mo. 

Soil Donald Taylor, John Wiley Sons, New York, 
Y., 1948, 487. 

Steel Sheet-Piling Raymond Pennoyer, Civil Engineering, Vol. 
1933, pp. 615-619. 
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SELECTION 


The three primary factors interest anchored sheet pile design are the 
depth embedment, the bending moment the sheeting, and the anchor 
pull. There varied thought the procedure followed the deter- 
mination these factors. The “free earth support method” produces mini- 
mum penetration depth resulting increased bending moment. The 
earth support method” produces increased penetration depth, resulting 
constraining action the earth with resultant reduction bending moment. 
The material utilization factor essentially the same either case but the 
latter method purported give greater factor safety against toe 
out,” and reduced cost the anchorage system. 

the development passive resistance has become quite popular 
increase the Rankine passive coefficient factor two recommended 
Blum based the tests This practice has been 
questioned Gregory ASCE, who terms dan- 
gerous The writers concur completely this statement. 

the basis the foregoing considerations, the method design utilized 
this paper the “free earth support method” which the penetration 
obtained taking moments about the anchor point but without doubling the 
increment passive pressure. Under this condition, the driving costs are 
reduced while the depth penetration still adequate. Moreover, experience 
indicates that the additional cost anchorage money well spent. 
several sheet pile installations that exhibited signs distress, was observed 
that the anchorage system had proved inadequate for the surcharge 
forces involved. 

Basic 


Fig. indicates the cross section typical sheet pile wall with its anchor- 
age system. The variables involved the design are follows: the 
height surcharge; the height sheet pile above water; the depth 
water; the angle internal friction dry soil; the angle interna 
friction wet soil; the weight dry soil; the buoyed-up weight 
soil; the depth penetration; the tension tie-rod pounds per 
foot wall; and the maximum bending moment per foot wall. 

The symbols H,, and well the factors defining the sail proper- 
ties, denote situation variables obtained prior actual design. The first 
problem solve for the depth penetration, H,, necessary hold the wall 
equilibrium; secondly, the tension, the tie rod must determined; 
and, finally, the maximum bending moment, must found. Other 
design considerations such the anchorage system, wales, and incidental 
details are not part this paper. 

the development the formulas that follow, the following assumptions 
are made simplify the problem: 

mit Passiven Franzius, Der Bauingenieur, 1924. 


Report—Large Scale Earth Pressure Tests with Model Flexible Gregory 
Tschebotarioff, Princeton, J., January 31, 1949, 61. 
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The gravity the soil particles assumed equal 2.65— 
commonly accepted constant. 

The placement the tie assumed the mean water level. The tie 
rod normally placed near the mean water level the zone saturation 
reduce corrosion effects. undesirable place the tie deeper than 
below water level since workers must paid divers’ wages when working below 
this 

The Rankine coefficients are assumed applicable. Since sheet 
pile installations have yielding supports, rational assume that they 
deflect sufficiently develop the active and passive Rankine coefficients. 


Mean 
Water 
Level 


Moment Shear Loading 
Diagram Diagram 


The soil considered have reduced friction angle for the submerged 
condition, assumption which consistent with usual design procedure. 
Paul Andersen,* ASCE, states: 


“This design conventionality may justified the fact that the 
upper portion the backfill usually made selected material, while 
the lower portion the natural soil considerably disturbed the con- 
struction.” 


The soil assumed homogeneous. This assumption necessary 
the development the curves and fundamental most design procedures. 
However, boring data indicate definite soil stratification, the curves de- 
veloped are not applicable. 


DEVELOPMENT RELATIONSHIPS 


With due regard these five assumptions, the development the rela- 
tionships upon which the curves are based, foliows: The Y-distance the 


7U. Steel Sheet Piling, Steel Corp., 


Analysis and Design,” Paul Andersen, Irwin-Farnham Pub, Co., Chicago, 
p. 49. 


Ground Surface 
Bottom 
Channel 
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line support (Fig. readily obtained setting the active pressure equal 
the passive pressure; thus, 

Solving Eq. 

which 


sin 
sin 
sin 


= 


Ky; = 
The various forces exerted the wall are evaluated the following 
manner: 


H?, 


P, = 


The solution for obtained taking moments about the tie; thus, 


Substituting for the P-forces the expressions Eqs. and simplifying, Eq. 


becomes 


SHEET PILING 


Eq. can expressed the general form: 


applying the principles dimensional analysis, can reduced 
equation dimensionless variables, thereby reducing the number 
variables the number primary quantities Since there are two 
primary quantities Eq. 6—force and length—an equation can obtained, 
involving six dimensionless variables, follows: 


and the specific gravity the soil particles and that the product 
the same constant and the quantity 

( 

Since the specific gravity has been assumed constant, this ratio also 

constant. Therefore, both and are considered constant, the general 


formula, Eq. reduces 


and dividing Eq. the following expression obtained: 


The next unknown determined the tension the tie. equa- 
tion equilibrium written for horizontal forces (Fig. 1), 


York, Y., 1938, pp. 14-24. 


Simplifying Eq. and arranging the most convenient form: 
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Substituting the values for the (Eq. 4), and simplifying, 


or, general form: 


Taking advantage the principles dimensional analysis once again, 
and considering and constant, 


Therefore, Eq. divided H?,, calling 


( t W H?,, 


and 


Thus, 


The final value that must computed the maximum bending moment 
the pile. Formulas must developed for the bending moment three 
different points—at the tie, between the tie and the bottom the channel, 
and between the bottom the channel and the bottom the pile. Fig. 
shows the loading the piling and the resulting shear and moment diagram. 
Assuming that the maximum moment occurs point, distance below 
the tie (in which less than the first step locate this point deter- 
mining the section where the summation shear forces equal zero. 
That is, 
which 


and 
Substituting the values the P-forces Eq. 20, Eq. becomes 


6 
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Taking advantage the fact again that W/W’ constant, and considering 
and constant, Eq. divided which reduces the number 
variables two; thus, 


which 


Solving for C,, 


Taking moments about the point thus obtained, 


Once again dimensional analysis employed, and since 


Bottom 


and arranged the most convenient form: 


and are considered constant, Eq. divided 


taking moments about the tie and reducing di- 
mensionless form, the equation for moment the tie 


which 


Eq. the same the first two terms Eq. 25. 
the point zero shear falls below the bottom the 
channel, Eq. not valid and another equation must 
derived. Fig. shows that part the piling below the 
channel with the loads acting it. Since must equal 


U =2(H, Y) Be) 


Zi, 


Applying dimensional analysis Eq. divide through and simplify. 


Shear 
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Taking moments about the point zero shear, 


Consider and constant and divide Eq. convert Eq. 
into dimensionless terms: 
Simplifying, 


(32) 


reviewing the relationships developed, well note that the dependent 
variables are all functions the same independent variables when and 
are considered constant. Note that Eq. 


18, 
and, Eq. 25, 
—but, since (in Eq. 23), 


then 
Likewise, Eq. 26, 
and, Eq. 32, 
since 
then 


and alone, when and are considered constant, lines constant 


and 
+ 
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and can plotted with the ordinate and the abscissa. This procedure 
lends itself very efficient construction diagrams. 


The curves were plotted with values the abscissas and values 
Each set provided the constants, C,, and over practical range 
values, which the depth penetration, the tension force the tie rod per 
foot, and the maximum bending moment per foot may determined for 
particular problem. 


Values 


Values 


w 
> 


The first series solutions was made for utilizing Eq. 
assuming constant values for and varying values for were deter- 
mined. considering the dependent variable, the necessity solving 
equation was avoided. 

The next parameter considered was Using the values and 
previously determined, Eq. yielded odd values Therefore, series 
interpolation curves was drawn with values the ordinates and 
values the abscissas (Fig. 4). Thus, for any desired value 
was determined from the interpolation curves with the parameter. 


3.0 
‘ 


SHEET PILING 

series solutions for C,, was found using Eqs. 25, 26, 32, after 
having determined the location the maximum moment Eqs. and 28. 
set interpolation curves was drawn for C,, similar those for Fig. 


complete log the data for the condition 30° and 


presented Table 


Similar were determined for three values 


TABLE STEEL SHEET PILING Data For CONSTRUCTION 
Curves 


C. = Cr Cz = Cs = Cu = Ct = Cs = Ca 
(2) (3) (4) (1) (2) (3) (4) 
0.195 0.8151 0.0793 0.2802 0.8518 0.1338 
0.2 —0.005 0.1670 | 0.8058 0.0765 0.2735 | 0.3074 | 0.8536 0.1327 
ease 0.0771 | 0.3220 | 0.8575 0.1314 
(e) Cp =Hp/ He =1.2 (d) Cp =Hp/He =14 
0.2 0.5624 | 0.4631 | 0.8981 0.2005 0.8650 | 0.6424 | 0.9483 0.2870 
O04 0.3705 | 0.5035 0.9092 0.1986 0.6770 | 0.7093 0.9627 0.2843 
0.6 0.1790 | 0.5324 | 0.9174 0.1954 0.4922 | 0.7613 | 0.9677 0.2711 
0.8 —0.0174 | 0.5407 | 0.9185 0.1892 0.3038 | 0.8056 | 0.9810 0.2642 
1.2 0.8431 1.4060 0.2500 
0.2 1.1680 0.8285 0.9928 0.3840 1.0380 1.7569 0.5049 
OA 0.9780 | 0.9134 1.5993 | 0.3808 1.2970 | 1.1540 1.7441 | 0.4940 
0.6 0.8040 1.0090 1.5785 0.3662 1.2750 1.7241 0.4771 
08 0.6270 | 1.0829 1.5601 0.3535 0.9490 | 1.3780 1.7025 | 0.4504 
1.0 0.4500 1.5417 0.3411 1.4830 1.6769 0.4390 
1.2 0.2700 | 1.2100 1.5257 | 0.3305 0.6130 | 1.5770 1.6513 | 0.4192 
1.4 0.0824 1.5158 0.3242 1.6700 1.6265 0.4006 
0.6 1.5533 1.8665 0.6054 
O08 1.2730 | 1.6860 1.8433 | 0.5831 ere 
1.0 1.1130] 1.8325 1.8113 | 0.5534 1.4410} 2.1790 1.9489 | 0.6892 
1.2 0.9550 | 1.9755 1.7777 | 0.5230 1.2890 | 2.3560 1.9105 | 0.6492 
1.4 0.7999 1.7425 0.4926 2.5850 1.8681 0.6069 


(20°, 30°, and 40°) each associated with three values The 
corresponding graphs for 30° and 40° are presented Fig. 
plementing information Fig. the design constants for 20°, 30°, and 
40° are given Table for the special case and 

Design Example.—To demonstrate the use design chart such Fig. 


sheet nine sets Design Curves will mailed upon the receipt $1.00 and your request for 
Proceedings-Separate No. C-165. 


e 


a 


4 


AS) 


(e) 30° and N=1 


Values 
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With these values, enter Fig. 5(c) and locate point where 0.667 and 
0.333. Referring the legend identify appropriate curves, read 


and 
M 


TABLE 


Con- Equa- 
stant tion 
20° 30° 40° 
0.5 0.75 0.5 0.75 0.5 0.75 
Cp 12 1.850 1.125 0.770 1.130 0.660 0.410 0.762 0.408 0.225 
Ce 17a 0.290 0.160 0.110 0.158 0.080 0.050 0.108 0.057 0.030 
Cm 32 0.160 0.100 0.057 0.110 0.045 0.026 0.057 0.026 0.013 


the correct coefficients for values and between those given the design 
curves, interpolation curve similar Fig. should drawn. 


CONCLUSION 


The development dimensionless coefficients for the design factors re- 
quired sheet pile bulkhead design reduces considerably the tediousness 
the analytical solution. The curves presented should prove very useful for 
preliminary design work and many cases will suffice for the final design 
well. not anticipated that the condition maximum moment the 
tie rod below the mud line will normally encountered—but these cases 
have been investigated extend the possible usefulness the charts. 

Several designs have been made compare results with those determined 
the charts. all cases the charts have yielded values within the 
analytical solution. Within the limits imposed the assumptions the 
design method selected, the method dimensionless coefficients permits the 
most efficient development charts for the steel sheet pile design. 
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